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(57) Abstract: A proline ester represented by the general 
formula (1): (1) (wherein R* represents lower hydroxyalkyl, 
lower alkyl substituted by lower alkoxy, or lower alkyl 
substimted by lower alkoxy substituted by lower alkoxy) or a 
pharmaceutically acceptable salt of the ester. The proline ester 
(1) and pharmaceutically acceptable salt thereof are useful as 
a prodrug for enalaprilate, which is a medicine useful in the 
prevention of and treatments for, e.g., circulatory diseases such 
as hypertension, cardiac diseases (cardiac hypertrophy, cardiac 
failure, myocardial infarct, etc.), nephritis, and apoplexy. A 
' medicine containing either of these is suitable for use as a preparation for percutaneous administration, especially an adhesive 
) patch, ftom the standpoints of medicinal activity and use. 
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( I ) 



(1) 



i«« ('C«^. -tssas*) . Bife;fe±t^B**»otsa«s*^ 



wo 2004/024754 



PCT/JP2003/011420 



(ACE) m«»i. r>y^?>-»ss*tt«^'^«*<««°^*»^*'* 



• PCT/JP2003/011420 

CtAt?B^*^t*a^TV.5 (Analytical Profiles of Drug Substances, USA 
Academic press. Inc.. 1987, Vol.16, p. 207-244, Drug Development And 
industrial Pharmacy. USA. Marcel Dekker, Inc.. 1986, Vol.12, 14. p. 2467-2480 

(Drug Metabolism And Disposition. USA. The American Society for 
Pharmacology and Experimental Therapeutics. i982. Vol. id. l.' p: 15-19) 

tAtaatlTV.S (THE STUDY OF IRANSDEKMAL ADMINISTRATION OF ACE INHIBITORS 
AND IMPROVED ABSORPTION OF THEIRPRODRUGS" , [online], 2000^11^ 2 H, Noven 
pharmaceuticals. Inc.. AAPS Annual Meeting and Exposltlon(2000), 
lnternet<URL:http://ww.noYen.comA(ovenDoc3.pdf» . b*^U. 



wo 2004/024754 



PCT/JP2003/011420, 



ft. 



• PCT/JP2003/011420 



wo 2004/024754 
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■ «i«<wi»« (P tbT«. i-tN-t.as) -i-«>v**-H-3-.. 

-;M-L-^nU> 3-tfn+->^ne;Vxx?;V, 1-[N-[(1S) 

th-D+->^^JVXX?;K 1-[N-[(1S) -l-*;V**->-3-7xr: 

^;wxx^;k i-[n-C (IS) _i-*;.#^->-3-7x^;v^a.^;W 



• PCT/JP2003/011420 

•«v. (ui) * t e r t -^?;^xxx;WbUTft^^ (iv) * 

^ (V). (xsc) . SR«^^ (V) *^>y;vxx^;WbbTft^^ ( 
VI) ^# (xgD) , (vo cter t-^^;uxxx;v*» 

(XSE) , *V.TCn.CR'OH (Via) 



wo 2004/024754 



I PCT/JP2003/011420 



OH 




O'Bu 



q'Bu 





^ (Vni) ^ BnO^O 



(H) 



7 ■ 



wo 2004/024754 



\ PCT/JP2003/011420 



K»K*ff5^ti.j:.fT^,n^. xaF«. ^y^y< ^-'^-^ 

« (X) ^# (xaG) , ^>i.;wxX?^3p«tTft^» (xi) ttSH) , ^ 

(xo L-T9x> t e.r t -:/9^;uxx^;wtE«o 

Tft^« am (xei) « t e r t -79^;vxax 

OH 

^OEt XSG 

(K) 

rkU I 1 




(XIV) 



BnO^O 



OR^ 




(xni) 



• PCT/JP2003/011420 

»A*T<Diaa«5HT, (X) t^>y;vA9^b-*5JSS«a^tc* 
■ offt^n*. xsi«. (XI) yi'nn;.^^ ^aa*;i.A««» 

) ©t e r t-^?JVXXxJV&Bi»«i-2.-tC*'3*?*'^*- leKtt, x 



5^3 



(XIII) tft^tl (XIV) i:S:SS^S1*5CtlCiO»*3n5. 

ft*. aiv) «'^>^>> ^->i.>«x«cn6.«E^« 

XV) tT;V3-;V (VIII) *R«S1±S^tCiO#4Ci:*tT%S (X@L) 
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HN. 

(XV) 



SI ^1-1 0 0 Ongt-rStDA^jif^bVi. 

^>x->v>M- s.jx^vK, /i;vs?>BS- ^;v^u>ffi- ^ 

10 
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y_;K tert-^^/-M ^4r*y-;K 

>K:r^g^;n~-x->;w. s>Jxg^>»^?;K 9C7U>ffi^*->JK 

, »x;^?JKy^e^>i^u 3-;vBgKmxx?;Kv;nii'>Jgtt8lxxxJK 
#.j*4^->x?V>i^'J-feU>Sg»KxXxJK #.J**->x?W>k-7 

#.j*:^->x?k>*w*x-?;K *o:^*->x9^^>9^"J;^x 
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;vMx->;vx;.x;w. (^^) Ti^u;«^vx->JVxx?;K c/^) ri^u 
;vK9^.o;vxxx;k (^^)ri.u;vmxxyu;vxx?;w#*'**f6n%. 
*^*^tt^ /^-ti^-ci*. «^a7i7 .j^m, ^^yi' 'J^«- ^i-^ 

N-H-;v-2-HDU »>ix;K ^nK*>»Hx;K « 
*£«Hx;k UaxhOM x^w>. :/nifi.>. ^ 
^ryx^^s^wfe-^^.. 
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2~1 0 0 tfmKTtS?>. 

ttO.. l~3 0M%., iO»Wb<ttO. 5-2 OK»%^*e. 

Tff*b<»0.1~6 0a«%T*0,J:t)»*l^<ttl~4 0M%^**- 
«5aBlc«»^]littffixX?JV®Ba^««l~4 0M%. 

14 
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;nfnuP>. T^eyr^A. 7jv*>»- r>v^>m^v'i^^- ^^^y^ 

^Ui>u^^XhV>. 6->i'ax+XbUX r-i'i'nx^XhUX 

a x-Hx->;vTif->e'n's:^f >-2-*>« ■ («^«- 
9>. x^ywv. 5*9;p*<;uw «*^#vf6ns. 

) ) 



• PCT/JP2003/011420 

.H-«(CDCU a :,..W.3SCeH.^...««M)..:S7-"B(m^.^B9-^80«H 
^.3.2UlH.t.I=e.6Hz).S;43-S.60«H.»).4.18(ma..=V.2Hz).4.«-4.«a^ 

7;14-7.30'(5H,ffl). 

■lK(neaOv.:2ST7.29S.287S.n37.1S.0.UaU2U3a7.im.l094..03U50. 
701 cm"'. 

MSin/z(ESI+):433(M+lD'. ^ ..„■, , 

»^M2 1- [N-C (IS) _,_*;v**->-3-:.x:.;.^n>.;W-L 

.H-NHR(CDCl.)an.42«H,s),1.47(3H.d..=6.8Hz),l.S7-2.0U3H.rt.MO-2 25( 
3H3,2.76-2,83C2H..),3.33-3.6U3H.^.4.04-4.,5aH,^,4.36-4.4iaH.«),T. 

10-7.23(5H,in). 

,K(KBr)v„.3436,298...73M654.U50,.36U226,.U2.109M042.849.750.70 
1 cm"'. 
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MS ln/z(ESI+)•.405(M+H)^ 
[a]o=-44.2'* (CHCl3.c:1.07). 

mm^ 1- [N-[(is) -i-^>5.;v^^^>^»-3-^--^^ 

(VI) ) 

.„-NMR(CDCl,)a:1.25(3H.d.I=6.8Hz).1.43(9H.s),..75-^25(7H.^.3.20-3.52( 
4H.^.4.38aMd.J-3.6.8.3Hz).5.13(lH.d.J=12.1H.).5.18aH.a..=.MHz).7. 

05-7.47aOH,m). 

IRCneaO v .„: 2976, 1736, 1648, 1496, 1454, 1423. 1367, 1154, 750, 700 cr'. 
[0!],=-86.4" (CHCl3.c:1.39). 

^, K«*»mii*fSi^HJC;A*«»cTT;^*utttufc«. low/ 

•67 t;V7 7 X fc UTSiaft^*! 1 . 0 9 g 4»fc. 

.H-N«R(CDCl3)a:1.23(3H,U=6.8Hz), 1.77-2.33(6H,tf.2.55-2.78(2H.rt,3.21- 

17 



• PCT/JP2003/011420 

3.4S(3H..),3.50aH,,,.-6.8H.),4.40-4.50aH..).5.U«H.d.J=12.1Hz).5.17a 
H d J=12.1Hz),7.06-7.46a0H,in). 

,R(KBr)v„.3«8.303D.2954.2879.173M638.U97.U54, 138U19U49.698 

cm"'. 

[o!L=-86.4° (CHCl3,c:1.14). 

'H-NMR(CDCga:1.23(3H.d 
,=e8H.).1.70-2.35(7H.«).2.5,-2.77(2H.^.3.20-3.76(6H,.0,4.1S-4.42(2H,. 

;.4.46-4.58(3H.rt.M2aM.M2.1H.).M7aM,M2.1Hz).7.04-7.47a6H, 

Lat) V „:3474, 3325, 3062, 3029. 2953. 2874, .742, 1645, ,496. 1454. U24. .366 
,1277.1184,1028,9.6.746.700 cm"'. 
[a:.=-67.6- (CHCl..c:1.27). 

.8 



• PCT/JP2003/011420 

.H-NMR(CDCl.).a-.l.n(3H,d.M.8Hz).1.75-U7(9H.»).2.64-2.73(2H,.). 
3.20-3.59(6H,rt.4.09-4.29(2H,.0,4.42-4.54aH,.),4.48(2H.3).5,UaH.a.M 

2 Ite) , 5. 17 (IH, d, 1=12. IHz) , 7. 04-7. 45 (15H, l) . 

IRCneat) v „:3473, 3322. 3061, 3029. 2956. 2871. 1740. 1646. 1496. 1454. 1423. 1364 
, 1277, 1182. 1096. 1046, 1029. 916. 741, 699 cm"'. 
[a]r-67.3° (CHCl,.c:1.02). 

(lie) ) ; 

.H-W(CDCipa:1.24(3H.d.I-6.6m). 1.56-2.30(llH.rt.2.55-2.75(2H.Bi).3.21 
-3.59(6H.»),4.01-4.20(2H.»).4.40-4.54(lH.,i.4.49(2H.s).5.12(lH.d.M2.1H 

z) 5 18(lH,6,I=12.1Hz),7.03-7.45(15H.lii). 

IRCneaO v „:3448. 3324. 3061, 3029. 2952. 2869. 1740. 1648, 1496. 1454. 1422, 1362 
. 1277. 1182. 1095, 1055. 1029,740, 699 cm"'. 
[a]r-60.9° (CHCl„c:1.66). 

m (Hd) ) 

4ing*v e.«ife«««lS t UTSSft-&® 7 2 5 ig*»fe. 

•H-NMRCCDCl.) a :l. 25(3H. d. 1=6. 8H.). 1. 79-2. 33 (7H. . 2. 54-2. 75(2H.^.3. 22- 

3.73(6H,rt,3.36(3H,s).4.15-4.33(2H..),4.52aH.dd.I=3.7.8.4Hz).6.13(lH.d. 

1=12. IHz) , 5. 18 (IH, d. J=12. IHz) . 7. 07-7. 44(10H, m) . 

19 
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IRCneaO v „:3473. 3322, 3061. 3028, 2962. 2880. 1741. 1650, 1604, 1496. 1454. 1423 
, 1371. 1351. 1278. 1183. 1130. 1095, 1032,751, 700 cm"'. 
[a]r-77.8° (CHCl,.c:1.06). 

• >H-«(CDCl.)a:1.25(3H.d.l=6.6H.),1.80-2.30(7H,»);.2:54-J.77(2H.^.^^ 
2H.t,J=6.6H.),3.37(3H.s).3.40-3.76(8H.B).4.17-4.35(2H.»).4.-36-4.57(lH.«) 

,7.06-7.44(5H,m). 

mCneat) v„:3481, 3321. 3061, 3028, 2952, 2928. 2878. 1741. 1646, 1454. 1423. 1366 
, 1278, 1184, 1112. 1047. 1030. 972. 917. 850 cr'. 
[o3,=-71.1° (CHCl,.c-.1.02). 

«fe»*i:l'-C«««^*4 1 2ing&#fc. 
in.p. :104-107t; 

«(CD30D)a:1.85-1.95(lH3).1.97-2.1l(lH,^.2.74(2H.t,M.9^^^ 

lH,d(l,I=4.2,8.3Hz).7.13-7.28(5H.m). 

IRCKBr) v.,,:3459. 2925. 1733. 1242. 1097. 695 cm". 

[alo-S-B-" (MeOH.c:1.04). 

20 
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^b^J^ (XO ) 

til. 1 g^#^« 

m.p. :59-^60'C • 
.H-«m(CDCga,:i;89-2.00aH..0.2.07-2.18OH,«).2,e3-^Sl«H3),4.23aH 

,,,M.0.T.5H.)AUaH.M=U.m)..2O(lH,.M2.7H.).7.U-7.Z0C3H,^. 

7.24-7.29 (2H,m).7.35-7.39(5H,Ii). 

IR(KBr) v.„:3458.2943.m8.U60.n61.1103,699 

>x;v*x;i.*=<^->-4-7xx;v«« '<>-:^w;v3. 5 s«xbn^^ 
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m.p.:137-138'C 

«R(CDCl3)«:l.««H.s).1.4S(3H,M=7.2Hz)...24aH,t,I=T.3H.),2.60-2 
,M2H.^,3.69aH,a..=T.2H.),3.T7aH,t,J=a.2H.).5.20OH,d..-n.9Hz),5.27( 
.H:d..=11.9H.M.34aH.s).7.08-7.:0(2H,^,M8-T.28(3H,«).7.38-7.39«H.B. • 

)• ■ - ^ , ' 

IROir) v„:2987.T746a458. 1352. 1162; 996. 69T ^c^^^^^ 
[«].=!. 43- (CHCl.,c:1.38) ' 

an) 2. 5g.cW- ffi»5g^buc;«tpH8^. 

in.p.:160-161'C 

.H-NMR(CD30D)a:1.48(3H.U=7.2Hz),2.14-2.2U2H.^,2.52-2.62aH..),2.67- 
2.n(lH,.).3.57aH,a,M.2Hz),4.06aH,t,,=6.1H.).6.18aH,d,l-n.9H.).5.3 

6 (IH, d, 1=1 1 . 9Hz) , 7. 08-7. 27 (5H, ») . 7. 36-7. 46 (5H, lO . 
IRCKBr) V .„-.278l. 1739. 1618. 1356. 1262. 1192. 698 »- 
[a]r6.6° (MeOH,c:l. 10). 

22 
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(XIV) ) 

L-^au^a. 3 0g*'^>-ie>2 0BLC»*fU&«- p-b;vx>:^;v:=i^ 

11.P. :84-86'C- 

.H-NMR(CDCl.)6:1.90-2.lU5H,«).2.13-2.45aH..0,3.41-3.50(lH.M).3.52(2H, 
t 1=6 OHz) . 4. 24-4. 39 (2H. n) . 4. 43-4. 51 (1H.») . 4. 48 (2H. s) . 7. 30-7. 38 (5H, n>, 
mCKBD V „:3348, 2873. 1742. 1637. 1560. 1458. 1402. 1279. 1229. 1108. 720. 497 

cm"' 

[a]„=-28.7° (CHCl3,c:1.17). 

p^miB 1 - [N- [ (1 s) - 1 -^y^jm^'y^^vt^^'^- ^ 

(XIV) 5 0 0»g**6«i.C»»«- ffl»KK**^^'J^^*W** 

i,nD*JWA7»LC»«L,fc. orfcTft^ft aill) 4 8 3^, N, N' - 
^ a^^'y)V*>Vt^'M 5 F 2 9 1 .gRt^ 1 - 1 f n*->- 1 H-^^'/ HJ T 
>/_;W-*?P«2 3 T^^tt^. 0t;*^6St&C»*C»iaU, SmCT2 3R« 
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1^7 4 7lilgS#fc. 

1- [N-[ (IS) -i-*;u#^->-3-7-:n;vyDv;M-L 

SU «ieT*;W7 T X t UTS®ft-&'ft 1 • 4 9 8 2:#fc. 
.H-NMR(CDC1^ a :1.47(3H.d, ,=6.8Hz), 1.80-2.36(6H,B0.2.60-2.83(^H,m)■3.27- 
3. 95 (6H, m) , 3. 96-4. 57 {4H, nO , 6. 97-7. 22 {5H, m) . 

lR(KBr) v„:3422. 3028. 2956, 2879. 1742. 1655. 1560. 1643, 1509. 1498, 1451, 1388, 
1282,1187,1087,1051.895.861.753.702 cm"'. 
MS m/z (ESI+):393flil+H)*. 
[a]r-26.4° (CHCl,.c:1.20). 

m&m2 1- [N-[ (IS) -i-*JV#+->-3-7xx;w^ne;W-L 

2) 

««ltWCbTft^tl(nb) 2. 9 7g*^&«eTtJWVTXtbT« 
Hft-^tt 2 . 0 6 g SrWfc. 

.E-NMR(CDCU)6:1.55(3H.d.J=7.0Hz). 1.78-2.38(8H,»).2.65-2.87(2H,.0,3.31( 
lH,t,J=7.0Hz).3.36-3.80(5H,rt.4.00-4.15(lH,rt,4.17-4.39(2H,li.4.47-4.60( 

lH.m).7.07-7.28(5H.m). 

IRCKBD v„:3385. 3027. 2968. 2878. 1741. 1655. 1560. 1543. 1509. 1498. 1439. 1388. 

24 
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1280, 1186, 1093. 1053, 920, 863. 751. 702 cm"'. 
MS m/z (ES1+):407(M+H)^ 
[alr-SS.O" (CHCl3.c:1.04). 

mit-^^ 2 . 9 2 g ^#fco 

.H-m(CDCl^ a :U35-2.3K10E»);i.49(3H.dJ=6.8Hz),p3-2.83«tt.»).l^ 
(IH. t. J=6. 8Hz) , 3. 38-3. 77 <5H,rt , 3. 88-4. 56 (4H. m) . 7. 00-7. 24 (5H, . 
IRCKBD v„:3386, 3028. 2963,2874. 1742. 1656. 1451, 1382. 1281. 1214. 1184. 1093. 
1046.944.859.752,701 cm"'. 
MS b/i (ES1+):421(M+1D*. 
[a]„=-32.9 ' (CHCl„c:1.31). 

»M4 1- [N-[ (IS) -i-*;w#*->-3-7x=)vyntf;W-L 

9^f;Si8CiOlteb, 5«*i«ETiSSeUfc«> #6nfe«S*->'J*WV 

T X t UTSHft-er* 5 4 7 mgSrWfc. 
i-NMR(CDCl,)S:..45(3H,d,M.0Hz), 1.86-2.35(6H.>.).2.64-2.86(2H.«).3.25( 

,H. 1. 1=7. OHz) . 3. 36 (3H. s) . 3. 42-3. 69(4H, i.) . 3. 82 (IH. q, 1-6. 8Hz) , 4. 15-4. 43(2H 
m) , 4. 54 (IH. dd. 1=3. 6, 8. 3Hz) , 7. 06-7. 25 (5H. m) . 

'lE(KBr) V „:3448, 3028, 2954, 2882, 1743, 1655. 1560, 1543, 1523, 1509, 1498. 1450, 
1380,1280, 1185,1129,1094, 1034,916,865,753,702 cm"'. 
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MS m/z (ESI+):407(M+H)*. 
[a]D=-44.5'' (CHCl3,c:1.10). 

1- [N-[ (IS) 3 -7x=)^:^^^M-L 

*^Wb-&ti5) 

■(b-&*|4 6 5mg*#fc. 

.H-NMR(CDC1.) a : 1. 43 (3H. d, 1=6. 8Hz) . 1. 87-2. 32 (6H. . 2. 64-2. 85 (2H. ») . 3. 22 ( 
IH, t, 1=6. 4Hri . 3. 3t (3H. s) . 3. 43-3. 80 (8H. n) . 4. 17-4. 46 (2H. m) . 4. 55 (IH. dd. 1=3. 
5,8.3Hz),7.09-7.28(5H,in). 

IR(KBr) V „:3448. 3027, 2930. 2880, 1742, 1665, 1560, 1543, 1523, 1509, 1498, 1451, 
1382,1281, 1187,1139, 1109, 1048,919,859,752,703 cC. 

MS b/s (ESI+):451(M+H)*. 
[a]r-41.r (CHCl„c:1.05). 

-e^ffiisatb mnsi^m s»ffiufe. ^to^*, «iic^-r*5ic. x^7 
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«M7 

fc»«-fe;Hc**u (PBS. PH 

, ... 3 »t ^s«*f=;v*«al^^^^° o >xx?;w*« 6 4-7 7% 
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i^mmit'^^^ 1 


23.5/76.5 




36.3/63.7 


T^^BJ^b^'tJ 3 


30.4/69.6 




98.8/1.2 



421: H*if*>«) 3 0 gRmfi««*w' (si»*tewKft*mte: iS 
^^>^>Mloo•.B*■^?*>»60gSW^x>llogc»»u 

l.^y^'-ffirtCPBS (PH7. 2) *7,1* 



wo 2004/024754 



i PCT/JP2003/011420 



js«*«)twMt6;o&t*aia«® slop e*^e.&«Ma^ (f 1 u x 

) . aa«ltM (Lag Time) cm'^&D<D2 41*^, 

*^?«©yp u >xxT-;n$*^e.^4«^s^w«*^»'***^***^^ 





(jxg/cmVhr) 


(hr) 




(jLtg/cm^) 




21.80 


3.60 


,50^/49^ 


393.39 


mmi 


25.03 


2.59 


29. 3/70. 7 


443. 64 




17.30 


2.40 


41.9/58.1 


374.31 




6.14 


4. 20 


20.2/79.8 


88.88 1 




11.59 


1 2.30 


15.0/85.0 


187.10 



a) (^DO>lAx;W« / (X:h9y'J9->-) 
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1. (I) 



HO^O 

! 1 / — \ ® 

i_eN-[ (IS) -i-*;v*^->-3-7x=;v^ntr;W-L-77=M 
3_tpn=t^->^De;vxx?>K i-[N-e(is)-i 

n*->^a^iVx;.x;K i-[N-[(is) -i-*;u#*->-3-7x=;uy 

_75x;M-L-^nU > 2-.^ v=t..>x?;l'XXxJK^»*^6S«n^t> 

.,^*^8«*«i.c!3««yn>j>xxx;v«x.««^*«»^^«^^*«- 

3. «^^ix«2ie«o^nu>xx?;v«x«^«*«.t»«u5^i£ 

4. «*aix«2E««^nu >xxx;umx.«««*e9'^»«^^^« 
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12. «*¥K*t. igss#r*2>a!«wi iE«®ffla*ft. 



